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SOME INFORMATION ON THE 
CAUSTS AND PREVENTION OF FIRES AND, EXPLOSIONS 
IN THR PETROLEUM INDUSTRYL 


By G, HM, Kant oe! 
INTRODUCTION 


It is estimated that 10,000 lives were lost and $285,000,000 worth of 
proncrty was destroyed by fire in 1937, Of the 103 fatalities in a 
petroleum industry in 193%, 36 resulted from fires and explosions. 


Everyone can help to prevent the tremendous losses, both in life and 
property, caused annually by fires and explosions, Forest fires occur 
every year, in which the tremendously intense heat wave ahead of the flame 
turns beautiful green trees into blazing torches like so much gasoline vapor 
and jumps over the tops of trees to start fires behind the fire fighters: 
prairic-grass fires occur, and a farmer in the path of the fire must plow 
-a furrow around his home and outodvildings before the flame reaches thom; 
and freouently automobiles are burned up in filling stations, Persons who 
have witnessed such sights know better than to throw a 7istied match, 
cigarette, cigar, or hot coal from a pipe out of an autcrobile or to discard 
a fire or flame of any type in the forest, in the countzy, or in the city, 


"No smoking" signs and requests to extinguish camp fires and burning 
or smoldering substances are not posted to reform people bit to protect 
them and their property; probably no injury, fatal or otherwise, causes more 
agony than burns, 


Gas, gasoline, and electricity are faithful servants that are ever 
ready to serve mon with absolute safety as long as they are handled intel- 
ligently, BUT they are some of man's most cestructive enemies if not handled 
according to certain simple rules some of which ere outlined in this paper, 
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FIRES AND EXPLOSION 


Some dictionsries sive as many as 14 definitions for the word NPire ls 
however, Webster's definition of fire as “the principle of combustion as 
manifested in light, especielly flane, and in heating, destroying, and 
altering effects" is fairly satisfactory, 


CONDITIONS ESSENTIAL TO FIRE 
Presence of Fuel 


It is odvious thet, $9 have a fire there must be some form of combustible 
matter to ourn as fuel. This requirement for a fire (restricting the 
discussion to fuels) may be represented by a horizontal line with the word 
"fuel" beneath the line, 


Fuel 


ow o- some cheenied 


Howell, John 7,, fire—protection engineer, Thioa in Co. Of California, 
Causes, ‘Prevention, and Control of Petroleun Fires Paper delivered 
before the Potroleun Section of the Hational Safety Congress at 
Kansas City, Mo., Octover 13, 1937, Howell discussed "fire™ and its 
component parts and performed the experinents described in this 
paper on pages 2 to 29, except as noted, It is desired to give 
full credit and thanks to him enc his company for permitting the 
use of this splerdid material, — | 

Reference is made also to Burrell, G A., Hazards.in Handling Gasoline, 
Bureau of Mines Tech. Peper 127, 1915, 17 pp. Burrell discusses 
hazards alonz the same line cf though eas Howell, eEeeelee not as 
completely. 
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It is welleknown that the petroleum industry originated in the production 
of kerosene, Many persons have seen kerosene used in lamps to give light 
and in stoves tc give heat, yet when kerosene is poured into a pan to a 
depth of about 1/4 inch and a burning match held directly above the kerosene, 
it does not ignite, When the burning match is plunged into the kerosene 
tae match flame is extinguished, hence kerosene as a liquid does not ourn, 


If the same procedure is followed with a lighter vroduct, such as a 
well-lkmown solvent (commonly used as a cleaning fluid), which according to 
tne laws of Texas must have a flash point of at least 110° F,, the result 
is the same, 


A wick saturrted with kerosene bursts into flame when a match is 
applied to it, If part of a calling card is passed through a flame it does 
not fire imnedistely, but if it is dipped into the kerosene, the excess 
fluid shaken off, and the dampened end held close to the flame of a Bunsen 
burner, IT FIRES IMM@DIATELY. When the ourning card is dipped into kerosene 
the flane is extinguished, and examination of the card shows that it is not 
even charred, vet a fuel must have been present because a fire occurred, 
This beneavior can be exnlained by assunine that when the moistened card is 
held near the flame the fine film of liquid is heated to a high enough ten- 
perature to turn a small part of it aa vapor and it bursts into fleme, 

That this is true is deduced from the fret that the card was not charred and 
the liquid itself did not burn, 


If this assumrtion is true, the solvent in the pan may be heated to 110° 
to 115° F, = about the temverature of water for washing or shaving - and it 
will give off a vapor that will isnite when a lighted match is held to the 
edge of the pan, (Note: In performing this expcriment it is necessary to 
take care that the vapors are not ignited by the flame when heating the 
solvent,) It thus anpears thet liouids and solids do not burn until certain 
conditions are fulfilled, 


When wood is shaved (with a pocket knife or other instrument) and the 
siavings are held in a flame they will ignite, Wood contains alcohol, tur- 
Pentine, and other volatile materials, which when heated turn to a vapor: 
hence, in a finely divided state, wood is ignited readily when in contact 
with sufficient heat, This is true of other solid or liquid materials com- 
posed entirely or partly of inflammable sudstances, 


Many oils and other fluids emit inflanamable vapor at ordinary tempera- 
tures; these include gasoline, dDenzene, alcohol, paints, lacquers, and 
numercus household and manufacturing fluids, 


Gasoline should never be carried in a glass jar or bottle, whether open 
or sealed; and it should not be carried or transported ina screwed-top, un- 
vented, or unapproved tin can, Glass jers break or may explode, and vapor- 
tight tincens may blow un. Many containers of approved types are available; 
in some approved containers the top is held in a closed position by a spring, 
thereby preventing leakage of the liquid and at the sane time releasing ex- 
cessive gas pressure, If the vapors are ignited wnile liquid is poured from 
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a conteiner of this type, the fire can be oxtinguished by releasing the handle, 
thus permitting the cover tcclose automatically and probably preventing the fire 
from entering the container, When a small quantity of gasoline is poured 
into a frying pan and a burning match moved toward the pan, the vapors will 
ignite a short distance from the edge of the pan, the gasoline vapors or fine 
particles and not the liquid teking fire; therefore, the straight horizontal 
line diagram can be modified by inserting in parenthesis the word "vapor" 
after the word "fuel", 


Fuel (vapor) 


Thus, to have a fire it is necessary to have a fuel, and even a fuel will not 
burn, unless certain conditions are satisfied; one of the concitions for gaso- 
line or similar liquids is that the matcrial be in the form of an inflammable 
vapor or gas, | 


Presence of Air 


When a small glass jar such as a mayonnaise container is partly filled 
with gasoline and an arcing automodile spark plug is placed inside the jar 
just above the liquid and in pure gasoline vapor, no ignition takes place, 
(To perform this experiment an automobile spark nlug fastened to a wand, as 
shown in figure l, is inserted in the jar, and current is used to energize 
the spark coil to which the spark plug is connected, The glass jar should 
be set in a shallow pan so that if spillage tekes place the liquid gasoline 
will not spread unduly, ) 


It has been shown that gasoline vapors burn, but as the arcing plug is 
slowly raised no ignition takes place until tne plug is well above the top 
of the jar; when the cover is replaced on tne jar the fire is extinguished 
almost immediately. It isevident that the significant material above the 
jar that is separated from the fuel by replacing the lid is AIR, 


A fire gia cea not only fuel out also air or at least the oxygen con- 
tained in the air, This relationship detwcen fuel and air can be illustrated 
diagrammatically by ice a line marked "air" at an angle with the "fuel" 
line, 


Fuel 


Normal air contains approximately 21 percent oxygen and 79 percent 
nitrogen or inert gas, If a gallon jar is filled with pure nitrogen and a 
‘burning match or candle inserted in the jar, the flame wil be extinguished, 
showing that the nitrogen will not support combustion, When a quart jar is 
filled with pure oxygen and a burning match or candle is placed in it, the 
flame will burn violently and with great brilliance; therefore, it is evident 
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Metal clamp to 


ground and hold Wood handle 


Plug for connecting 
into high-tension circuit 
shown in figure 4 


Connect to 
receptacle O, 
Figure 4 


Gasoline Small glass jar 


with short neck 
and wide mouth 


Figure |.- Diagram of equipment for demonstrating that gasoline and similar 
vapors will not burn unless properly mixed with air. 
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or bulk-station storage 
tanks 


Figure 2.- Diagram of equipment for demonstrating that 
removal of fuel will extinguish a fire and that a flame 
will not travel down the vent pipe into a gasoline 
storage tank while it is being filled or gasoline vapors 
are escaping from the vent pipe. 
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that the oxygen in the air supports comoustion, If 2 gallon jar of pure 
nitrogen is connected to a quart jar of pure oxygen and the jars are vermitted 
to stand until their contents are thoroughly mixed, a burning match or candle 
placed in either jar will continuc tc ovrn in essentially the same mannér as 
in normal air; however, the mere presence of an inflammable vapor or gas in 
air at ordinary temperature containing oxygen does not produce a fire, as is 
illustrated by exposing a pan of gasoline to the air or by allowing illuminat- 
ing gas to issue fro:.a jet into the air, as neither will turn unless a flame 
is present, | | , 


Presence of Hoat 


Another essential for a fire is ESAT, The heat can be generated in many 
ways = by chemical reaction, the flame of a match, an electric arc, or a 
heated filament, (To illustrate this, a bunsen burner is reignited by the 
spark plug and the pan of gasoline by a burning match.) ‘The triangle diagram 
can be completed by adding the third leg and nerking it "heat", then insert- 
ing the word "fire" on the inside as follows: 


When an inflammable vapor in air comes in contact with enough heat, a 
fire or explosion will occur; however, cy removing any element comprising 
one of the legs of the triangle the fire will be extinguished; in other words, 
the triangle will collapse, — 


Fire can be created only by having fuel, air, and enough heat to raise 
the temperature to the ignition point together at the same instant, This. 
information can be used to explain many fires in daily life that have appeared 
somewhat mysterious, Yor example, an electric spark may occur inside of a 
container pertly filled with a volatile liquid such es gasoline, No fire | 
or explosion will take place as long as the atmosphere contains too rich a 
mixture of inflammable gas; however, if the spark is held outside of the con-~ 
tainer or at any point where the inflammaole vapor or gas is mixed with air 
in certain proportions, a fire or explosion will occur, , 7 


This point can be illustrated further, If the tires of a gasoline-filled 
tank-wagon truck catch fire and continue to ourn, the heat from the flames 
will be transmitted to the tank, The gasoline will then expand and vaporize 
and an explosion may occur; however, the tank will not explode if it is 
equipped with effective relief valves, | 


Vessels that are full or partly full of inflammable fluids do explode 
put.so do vessels such as toilers that contain water and steam and air réceivers 
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that contain air, Tanks containing inflammaple vapor or gases explode for 
essentially the same reasons that boilers, compressed-air tanks, or similar 
vessels rupture either becausa of structural defects or weaknesses in the 
vessels or excessive pressure with improper vents or safety valves to relieve 
the pressure and not necesserily because of the nature of the liquid or the 
gas they contain, | 


Liquids used in everyday life, when heated to a high enough temperature, 
will turn to gases that also expind as temperature increases, When the 
water in a boiler gets too low and the crown sheet becomes red hot, if water 
is added anc touches the hot metal the water changes to steam so rapidly that 
excessive pressures cennot alwsys be relieved by safety valves before tho 
vessel ruptures, 


‘Under ordinary conditions water in the form of vapor vill not burn; in 
fact, water vapor will extinguish most fires; however, under’ some conditions 
such as the impingement of water on very highly heated surfaces, the water 
may be decomposed into its component elements, oxygen and hydrogen, with sub- 
sequent exnlosion of the highly flammaole hydrogen gas, As stated, gasoline, 
alcohol, and similar fluids vaporize at ordinary room temperatures, and if 
heat is applied they will vaporize more rapidly. 


Tank trucks catch fire in many ways: The tires or orakes may get too 
hot and catch fire; material that spille or leaks may be ignited by the hot 
exhaust; the wiring may bs faulty; or a collison may occur, 


By drawing a cross section of a taniwason truck and assuming a fire 
beneath it, the similarity between such a fire and the fire of a Bunsen 
burner under a small flask of water can be snown, If the opening in the flask 
is stopvered hy a cork with a hole through it, the water upon being heated © 
will gradually; turn to steam which will escanc withcut an explosion; however, 
if the cork is replaced with one thet is solid and nent is applied, enough 
pressure will build up inside the vesscl to blow the cork out or break the 
flask; in other words, an explosion will occur, (Whea performing this ex- 
periment the cork should not be inserted very tightly.) When any vessel 
explodes, excessive pressure builds up until something gives way; in this 
experiment the sudden release of pressure causes a large percentage of the 
water to be thrown out of the vessel, 


If a tank of gasoline, crude oil, or other inflammable liquid explodes 
because of improper vents, the heated liquid may be sprayed over a consider- 
able area and a destructive fire will result, Tank trucks catch fire and 
burn, but they seldom explode if the vents are made in accordance with the 
standards of the National Fire Prevention Association, the American Petrolew 
Institute, or the Interstate Commerce Comaission and if they are kept in 
proper repair and free of corrosion, 


Persons unfamiliar with the petroleum industry and sometimes even en- 
ployees of the vetroleum industry often express fear that an explosion will 
result from a epark in an underground tan: at a filling station operating in 
a moderately cold climate or from a fire at the vent or opening of a tank 
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filled or partly filled with gasoline or similar liquids, A simple experi- 
ment will show the fallacy of this fear, (See fig, 2.) The two-holed 
glass flask represents the underground storage tank of a filling station and 
the curved glass tube represents the vent pipe, The location of the vent 
pipe is important in anv gasoline storage tank, Many stations have blown 
up dDecause the vent vipe was not high enough to permit the vapors to be di- 
luted with air before they drifted into the filling-station buildings, 
Strange to say, some vents have been placed inside of the buildings, cer- 
tainly a very dengerous type of installation, The vents should extend well 
ebove the top of the filling station or the first floor of the building and 
snould be placed so that the vapors will be dissinated without danger of 
igmition or of being oblown into inhaoited ovildings in concentrated form, 


A little gasoline is poured into the flask which.represents the under-~ 
ground storage tank, as there is almost always some liquid gasoline in the 
undergrourd storage tank of an operating filling station even though it may 
appear to be empty, Gasoline vaporizes at relatively low temperatures, 
hence the svace acove the liquid in a gasoline container may be filled with 
those vavors, To illustrate how a sevare accident can occur, assume that a 
tank-wagon driver is delivering a lone of gasoline into the underground tank, 
The bulob-shaped funnel in figure 2, filled with gasoline, represents the 
truck, the valve at the tottom of the funnel represents the valves at the 
back of the truck, and the tube leading from the funnel to the flasic or 
vottle represents the hose from the trick to the underground tank, Assume 
also that as the gasoline flows into the underground tank, some careless 
motorist entering or leaving the filiing station strikes a match, and the 
flame ignites the gasoline vavors issuing from the vent pipe, (To demonstrate 
this ignition the valve is opened, and as the gasoline flows into the lower 
bottle the vapors from the vent are ignited and allowed to burn.) ‘There would 
be no need to call the fire department, as it would cost that department $25 
to $50 to make a run for what might be termed a "lO-cent fire," If the driver 
would step to the tank truck and close the valve controlling the flow of 
gasoline, the fire would be extinguished bdecause the fuel supnly would be 
stopped (es Can de demonstrated by closing the valve on the gasoline container 
in fig. e 


In this experiment it will de noted that the fire does not follow down 
the glass vent tube into the flask, becruso there is not enough oxygon in the 
tube or flask to sunvort combustion, In other words, a long veat pipe is :not 
needed to prever.t fire from entering a gesoline storage tanks; length is 
necessary only to carry the fumes to a safe distance. This fact may be 
denonstratec ov removing the glass tube and cork and again allowing gasoline 
to flow into ths container and by igniting the vapors issuing from the large 
omnening, When the supply of fvel is shut off, the flame is extinguished, 


A fire of tnis type occurred in which the tank-wagon driven, not knowing 
how to handle the fire, jumped into the tank truck and drove down the street 
without shutting off the gasoline, He thereby converted an essentially 
harmless fire into one that caused several thousand dollars worth of damage, 
If the receiving tank had been large enougi to take all the gasoline in the 
compartment of the tank truck and the driver had allowed the gasoline to 
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continue to flow, probably the fire would have been extinguished when the 
compartment was emptied, as can be siiown with the equipment in figure e@,. 

In conducting this experiment, the gasoline should be alloved to flow from 
the gasoline container into the Woulff bottle, and the vapors escaping from 
the curved glass tube should be immited, When the container is empty the 
flame will be extinguished, as the oxygen (air) will not be carried into the 
lower container, In other words, the bottom lez of the triangle would be 
removed, the triangle would collapse, and the fire would be extinguished, 


Before leaving the suvject of vents, the author wishes to stress again 
the need for making certain that the vents are high enough for the vepors to 
be diluted properly in the atmosphere and ure placed so tnat the vapors will 
not drift through a window or other opening of a filling station or some 
adjacent building, In moderate ¢limates it is not necessary to place a 
screen over the mouth of the vent to prevent the flame from traveling vack 
into the tank; on the other hand, it is desirable that the mouth of the vent 
should be open so the vapors will always have a means of escape, 


The poliefa/ is general that to have a flame or fire a jet of inflammaole 
gas must te surrounded by air or oxvgen, ‘the experiment with the equipment 
shown in figurc 3 gives the improssion that it is possitle to burn air in gas. 


The apparatus comprises a lamp chimney with a small glass inlet tube for 
inflammable gas, a larze oven glass tube extending through a tight cork in 
the bottom of the chimney, and a flat piece o# tin containing a small hole 
aoout the size of the large glass tube closing off the top of the chimney, 


Inflammaole gas is fed into the chimney through the small tube at the 
oottom until all the air is displaced, When the hole in the cover of the 
lamp chimney is closed, the gas may be ignited at the cnd of the large tube 
which projects from the bottom, When the hole is ovened, the upward draft 
will cause the fleme of the burning mixture to proceed slowly up the tube, 
and soon a flame will be seen at the end of the sir tube burning in an 
atmosphere of pure inflammable gas; that is, air is combining with gas to 
burn in gas, As an excess of gas is flowing into the chimney, the gas 
flowing from the hole in the metal cover at the top of the chimney may also 
be ignited, as shown; therefore, popularly speaking, this flame represents 
gas burning in air, 


It is not true that sas burns in air or eir burns in gas, because "a 
flame is a phenomenon produced at the surface where two gases nee end undergo 
combination with the evolution of heat and, sore or less, Light, "O/ From a 
chemical standpoint, therefore, it maxes no difference whether the gas on 
the outside of the flame contains oxvgen ana inflammable gas is on the inside 
or whether tue order is reversed; in other words, it is the mixture of 
inflammable gas and oxygen that burns, not the pure inflammable gas or the 
pure air (oxygen), | 
This equipment was not part of that used by Howell, (See footnote 
6/ Smith, Alexander, General Chemistry for Colleges; The Century Co,, 

New York, 1908, p. 337. 
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Figure 3.- Diagram of equipment for demonstrating that an 
inflammable gas—air mixture will burn in an atmosphere of 
100 percent inflammable gas or air and for demonstrating 
the phenomenon of fiame. 
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Figure 4.- Diagram of equipment for demonstrating the inflammable limits of gasoline and 
similar vapors. 
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This experiment illustrates how the flane from a burning torch may be 
sucked. back into 2 tani: as the oil is pumped out unless some device is used, 
such as a flame arrester or a liawic seal, 


The princivle of tne flame arrester can te illustrated by placing 
fine-mesh wire screen (approximately 2% onenings to the linear incn) across 
the opening in tne cover at the top of the chimney and igniting the gas 
aoove the screen, The screen may be held in the hand, and as it is raised 
slowly the vslame stays above the gauze and the gas beneath it does not fire, 
If the wire gnuze is raised higher, a noint is reached at which the flame 
is extinguished, The wire gauze does not turn the hand or become hot immediate- 
ly. Tho flame does not travel through the gauze, because the smell wires 
conduct the heat rwar rapidly enough to prevent it from being transmitted to 
tne gas below the gauze, This example shows how to prevent a fire or an ex- 
plosion by actually removing the heat; it also illustrates the fundamental 
safety feature of the flane safety lomp, which is and has been used widely 
in coal mines, 


So far only vessels that contain a volatile fluid, filled or partly 
filled tanks, «snd cans have been considered, Empty containers, that is, 
containers that have been filied with a volatile fluid that gives off an 
inflammable vanor and have been virtually emotied, will now be discussed, 
The ordinary gun hes to be londsd before it cane xplode but "emptied" cans 
of gasoline, alcohol, turpentine, paints, and other liquids will exnlode 
waen a flane or an electric arc comes in contact with them, It is the so- 
callec erpty container vith its small residue that is extremely dangerous 
not the loaded container, which contains ea linuid tnat vaporizes at the 
temperatur? of the container ard usually is equipned with the proper safety 
valves. 


The eqvioneat in figure }} can de utilized to show what occurs in an 
Fempty" casoline container, One or two dreps of gasoline are placed in the 
empty steel c:7linder, and the open end of the cylinder is corked, Reference 
to the diazram of "fire", page 5, indicates that the triangle can be conm- 
pleted in this steel cylinder, The air was in the cylinder before the drops 
were added, and the rasoline is the fuel, (To heln turn the liquid into a 
vapor, a short length of chain is fastened to the Dottom of the cylinder, ) 
If tne corked cylinier is chaken the drops will be turned into vapor quickly, 
Heat or flame is cbtained oy connecting the spars plug in the cylinder to 
the coil and energizing the coil, A LOUD EX°LOSION OCCURS IMMEDIATELY, 

This experiment shows what occurs in a so-called empty container, 


A gallon cf gasoline contains anproximately 200,000 times as much 
gasoline as one of the smal] drops placed in the cylinder, If the noise 
made by the explosion of the two drops cf gasoline could be amplified 100,000 
times, some idea would be ottained of the tremendous amount of cnergy in a 
gallon of gesoline, When a gallon of gasoline is used in a certain manner 
as in a coneiustion engine it is said. to contnrin the energy equivalent cf 
15 to 50 or 35 to 95 pounds (devending on which authority is accepted) of 
4O=percent streight nitroglycerin dynamite, that i3, 30 to 200 sticks of 
dynamite, 
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In many homes, garages, shops, and other places gasoline is stored in 
glass or other unspproved containers, yet the person responsible for keeping 
the gasoline in such a container or location would not think of leaving even 
one stick of dynamite in the sema place, even though a gallon of gasoline 
contains one to two hundred times as much energy which, when vaporized, can 
be released nearly as easily as the energy in the dynamite, 


An irrigation tunnel 9 feet in diameter is being driven through solid 
rock under the Continental Divide in Coloraco, The energy in 1,250 gallons 
of gasoline, tne capacity of most tank trucks used to distribute gasoline in 
cities, in terms of dynamite, vould Dlast the roc! necessary to excavate this 
tunnel. for nearly 4 miles, Nevertheless, millions of gnlions of gasoline 

and thousands of nounds of dynamite aro need and transported every day with 
aosolute safety by obeying certain fundamental rules, It is claimed that the 
vapor produced by a cup cf gasoline blew un nearly a Dlock of sever line in 
Chicago,: 


The experiment conducted in the enuimment shown in figure 4 illustrates 
what 1 or 2 drops of gasoline will do when imited in a confined space, such 
as a so-called empty gasoline tank or other container. It is also desirable 
to determine what 6 or 7 drops of gasoline will do when placed in the con- 
tainer and properly sealed and shaken: when the spark is formed in the sealed 
cylinder no explosion occurs, yet fuel is present in the form of vapor, as 
well as air and heat, If the cork is removed and some of the invisible 
gasoline vapors, which are heavior than air, are poured frem the container 
and if it is again corked’ and shaken and a spark formed inside of the con- 
tainer, an exnlosion will occur, 


It might appeer that the "fire" triangle is in error; it is not, but the 
elements making un the triangle must be within well-defined limits, The 
amounts of inflammable gas and air must bear a definite relation to each 
other, and the heat present must be sbove a certain temperature, If there 
is too much or too little air or gas an explosion will not occur, It is» 
impossible to have too much heat, but there can be too little heat, as will 
be indicated later in this paner, This experiment explains why gas engines 
are sometimes hard to start in the field, 


So far, the following essentials for a fire have been indicated: (1) 
Fuel must de present; (2) air must be present; (3) enough heat must be 
present to ignite the mixture (this will be discussed later); and (4) the 
proportions of fuel and air must te within well-defined limits, It has 
been shown also that gasoline vapors are heavier than air and may be poured 
from a vessel, 


The following experiment further confirms these facts, A sheet-metal 
trough about 6 feet long and 4 inches on the sides and bottom is placed so 
that one end is approximately 2 feet higher than the other end, A short 
piece of candle is lighted and placed at the bottom of the trough, and a 
wad of cotton that has been nearly saturated with gasoline is placed at the 
top of the trough, (Care should be taken that no liquid runs from the cotton 
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dorm the trough, If no heavy eir currents are present, the gasoline vapors 
given off by the wet cotton will drift down the trough, be imited by the 
candle, and flash back to the cotton, This fact explains in part why it is 
dangerous to use gasoline for cleaning around the home or on the job, or to 
wash the hands or clothes that are being worn with gasoline or other liquid 
thet vaporizes at ordinary room temperatrvres, 


rrequently, vapors from crude oil, leaking gas lines, and industrial 
plants outside of the petroleum industry heave drifted or been wafted by 
gentile air currents consideracle distances. and have been ignited and flashed 
back to their source, A man in East Texas states tnat he witnessed a cloud © 
of vancr wiich drifted nearly 2 niles down a draw and was ignited at a boiler, 
tae flano traveling caci to the source, 


hiany men, women, 2nd children heave been seriously or fatally burned at 
home because the vanor from a pan of gasoline being used to clean clothes or 
to fill a lemo or stove, was ignited wnen it drifted to the flame of a water 
heater or even downstairs to the flame of a furnace; in the open, the vapor 
may drift to an automodile that has just been driven up. Enough static 
electricity to imite gasoline varors may be fenerated by rubbing certain 
materials tor-ether; many persons have been burned in their homes because they 
were using inflaiuneole liquids that were ignited by friction, by static sparks 
or arcs, or by some other means, 


Gasoline should not be used for cleaning around the home or on the job. 
Safe cleaning “Vatde can be odtained at drug stores and at many filling | 
stations and should te used, Gasoline shovld not be used to clean tools, 
machinery, and other equioment on the joo, Many persons have been burned: 
when they spilled a little gasoline on their clothes or bodies or used gasoline 
to remove grease spots from their clethes, then walked past a gas or electric 
heater, electric motor, or other source of heat; probably no injury is more 
painful than a burn, 


In sone industries, including the petroleum industry, it is desirable 
or even necessary to determine whether an atmosvhere is inflammable odefore 
allowing men to work in it, Several accurate instruments are available for 
detecting the presence cof inflamnable vavors, Recently developed indicators 
are based upon the principle that when a heated electric filament is intro- 
duced into an inflemmatle gas the electrical resistence of that filament is 
increased in direct pronortion to the snount of inflammable gas present between 
zero ang tne lower inflemmeole linits of the gas, The utility of such an 
instrument may be demonstrated ody using the trough previously descrioed and 
replacing the candle by thre sus—cetecting device or some part of it, 


The intatce tuoo of the infleamnable-gas detector is placed at the bottom 
of the trough, and the aspirstor bult or pund is overated so that it sucks the 
Vapors from the oottom of the troug> into the instrument and over the heated 
filament, The needle indicates when the mixture of gasoline vapors is ex- 
plosive, by aoving to a point avoove the top of the scale, If a lighted match 
is held at the intake tude the vepors will be ignited end will flash back to 
the cotton, 
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It is often important to know in what direction and to what point the 
various vapors are going, This information may be obtained in s@éveral ways, 
Many safety and ventilation engineers use glass smoke tubes sealed at each 
end and containing ground pumice saturated with stannic chloride or fuming 
sulfuric acid: thes: tubes are ootainacle in the open market, The ends of 
the tube are broken, and one end is inserted in the exhaust side of an > 
aspirating oulb; if air is blown throush the tube by squeezing the bulb, a 
dense white smoke is emitted that remains suspended in the air for a consider- 
able time and travels with the air currents, 


If a ball of cotton wet with gasoline is placed at the top of the trough 
and a lighted candle at the bottom and if the fumes from the smoke tube are 
éjected into the trough just below the cotton, then the smoke will flow down 
the trough end pass over the flane of the purning candle, along with the in- 
flammable vapor that is ignited by tne candle flame, 


Extinguishing Fires 


The preceding experiments show that removing the fuel supply, the oxy gen 
(air) supply, or the heat will extinzuish the fire, Water is used ordinarily 
for extinguishing fires, Although weter should not be used to fight most oil 
fires, it is very effective on some oil fires when employed in the form of a 
fine mist or fog and handled properly, The mist helps to exclude the air and, 
when in contact with the fire, turns to steam which further aids in excluding 
the air; also it vende to cool the turring substance, 


The following (rommation is given to point out the hazards of extinguish- 
ers, not to condemn any type that is sold end used in accordance with recommend- 
ed practices, as there is a place for every extinguisher of approved type, 

No one type is likely to prove effective on all fires any more than one 
medicine is likely to cure all diseases, To evaluate the safety and aa | ae 
ness of various fire extinguishers, the Uncerwirters! Laboratories, Inc., 
divide fires into the following three classes and indicate the suitable type 
of extinguisher to use: 


CLASS A FIRES are defined as ite eee fires on which the 
qienching and cooling effect of quantities of water is of first 
importance, i,e,, incipient fires in ordinary combustible materials, 
such as wood, paper, textiles, ruobish, ete, 


CLASS 3 FIRES are defined as incipient fires on which the 
blanketing or smothering effect of the extinguishing agent is of 
first importance, i,e., fires it in small quantities of rapidly 
burning material, such as gasoline, oils, or greases in vats or 


other open vessels or on floors, 


CLASS C FIRES are defined as incipient fires in electrical 
equipment where the use of a nonconducting extinguishing medium 
is of great imvortence, 


T/ Underwriters! Laboratories, Inc,, List of Inspected Fire Protection 
Hquipmont end Materials; January 1939, pp, 38~39, 
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‘This eclessification is shown, onnosite the following head- 
ings, ‘n the form 4-1, Ave, or A-1, 3-1, etc,, as the case may 
be, Ti letters A, B, or CO desimaate the class or classes of 
fires cn wnich the device is suitarle, The fisures following 
designet>? the numder of devices required to matte one unit of 
first-oil hand fire protection, | 


Brpearience has shown that chargas for varicus types of. 
first-<id fire extinsruishers should de trose furnicnra by the 
manufacturer ef the device who cannot be exrected oc ieryvise to 
be resporsibdie for wisetisfactory condition or operavion, 


Prospective users should first asc?rtain from authorities 
having jurisdiction under what conditiois the various extinguishers 
will be accepted and should make contracts sudject to approval 
by them ov setting, distridutins, end nunber to be used in res- 
pect to floor areas and other ccnditions, 


Some author 


ities give a fourth clnss of wire that includes fires in 
automobiles, irteorn: 


+ 
LV) 
rnal-comoustion motors, antorooats, and similar equipment, 
For the use of volatile-Liquid ang carbon=dioxide-type extinguishers, 
the Underwriters! Laboratories, Inc, , S/ recomuend tne following apparatus: 


Vanorizing liquid extinguishers are first-aid fire appliances 
utilizing as extinguishing agent a specially treated vaporizing, 
noncénducting liquid (carbon-tetrachloride tase) with important 
components for Gepressing freezing point, avoiding corrosion, etc., 
such ligzids being supplied by manufacturers for use in their ex~ 
tinguishers, These extinguishers must de partially discharged and 
refilled yearly. In using extinguishers of this type, especially 
in unventilated sprces, cuch as small rooms, closets, or confined 
spaces, operators and others should take precautions to avoid 
the effects which may be caused. by breathing the vapors or gases 
liberated or produced, Extinguishers made of brass unless other- 
wise listed, 


The leat, size (classification B-2, C-2) is especially 
adapted for automobile and motordoet use, It can be handled 
readily ty women, 


The 1-1/4, 1-1/2, and 2-qt, sizea (classification B-2, 
C-2) are intended for use largely in industrial establishments, 


The legal, and larger sizes (classification B-2, C»1) 
are especially intenced for use in electrical power stations end 
the like and for special industrial conditions where considera- 
tion has been given to large quantity of liquid and where such 
devices are usually op2rated by mcn familiar with their use, 
and where efficient supervision prevails, 


§s7 See foatnote te | ; 
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Carbon dioxide is a nencenductor, and its properties are suci 
that when air is displaced bv it or mixed with it in suitable pro- 
portions it is effective on classes BP ani C fires, 


In using extinguishers of this tivpe, especielly in unver.ti- 
lated places such as smali rooms, closets, or confined spaces, 
operators and others should take precautions to avoid the effects 
which may be caused by breathing the vapors or gases liberated or 
produced, ; 


Extinguishers utilize 00> stored in i00~% shipping containers 
which are equipped with special cutter or seateda-type valves per- 
mitting release of COo gas through hand hose and nozzle, 


The small sizes are provided with a handle or strap for 
portability ard a wall hook for mounting, whereas the large sizes 
are mounted on two-wheel trucks, Cylinders in service should be 
weighed annually to detect loss of liauid by leskage, tampering, or 
use, 


Cardon tetrachloride extinguishers have been very pepular; however, the 
use of this liquid on a fire in a confined space is hazardous, unless the 
user fully understends the action of tho liquids, because when carbon tetra-— 
chloride is heated it breaxs up ard releases seyeral gases, including phosgene, 
chlorine, carbon-—monoxiie, and carton dioxide,2/ The first to gases were used 
extensively during the Worlc War, Tne follewing chemical formulas show how 
carbon tetrachloride iguis breeks un into gases when sprayed on a fire or 
heated substances 


CcLy 4, FO = _ COC OFC] 
(Carbon tetracnloride) Water) ~ (Phosgene (Ee2rochloric aci fa) 
eccly ip Oo _ 260Clo ie 2eClo 
(Carbon tetrachlorid?) (Oxygen) ~ (Phosgene) (Chiorine ) 
3CC1y, 4 Feo0z  _ 3001p» =Ss FeCl 
(Carbon tetrachloride) + mets (Phosgene ) {Tron sanerlesiaes 
oxide) 
| 20cly CoCly 201, 
(Carbon tetrachloride) + Heat a (Te trachlor* (Chlorine) 
| ethriene ) 
COL, _ 20 _ Cy 4HCI 
(Cerdon tetrachloride) (Water) = (Carbon (Hydrochloric acid) 
diozide) 


The quantity of thece gases generated in a fire denends on the anount of 
carbon tetrachlorice reqvired to extingais? the fire, Ths piysiologicel effect 
of breathing tne gases devernds on tne concentration of. gac or gases in the 
atmosphere, the length a exposure to then, and the physical condition of the 


reon “breathing then, erson forced to "breath air containins 


Ficldner, A, C., and Zatz, S, E,, Gases trcduced in the Use of Carton Tetra- 
chloride and Foomite Fire Extinguisters in Mires: Bureau of Mines Rept, 
of Investigations 2262, 1921, Dp. Dal, 
Rares S. H., Gleim, E, oe and Bloomgtelid, J. J. Carbon Tetrachloride Ex— 
Phere on Electric Fires: Bureau of Vines "Rent, . of Investigatvioas 
5, +] De e 


ycheatiys gf the Anerican-LaFrance-Foamite Corporation, Elmira, N. Y, 
: ureau of Mines, oe ae 
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0,009 percent of pnose ne by volume or 0,09 percent of chlorine will be 
killed in a short tine, £L/ Breathing air containing 0,2 to 0,25 percent 

of cardon monoxide may cause death in 30 mimites to 2 hours, and 10 percep 
of cardon dioxide in air may produce serious symptoms almost immediately, L2/ 
Other goses likely to be senerated when carbon tetrechloride extinguishers 
are used on a fire are hydrochloric acid gas, tetrachlorethylene, and carbon 
tetrachloride vapors, in addition to the gases that would be generated by — 
the burning substances if no carbon tetrachloride were applied, Therefore, 
extreme care should be. taken to insure thet any person who uses a carbon 
tetrachloride extinguisher does not inhale the fumes, The printed warning 
on A ny carbon tetrachloride-tyne extinguishers statess "AVOID INHALING 
TES FUMES." The Underwriters! Laboratories, Inc,,2 give the following 
data on the use of volatile~liquid extinguishers: 


Extinguish! lishing effect of the liquid is due primarily to 
the smothering action of thc heavy blentxet of vapor developed 
by the heat of the fire, One quart of liquid produces about 
10 cutic feet of vapor, The liquid has little cooling effect, 
due to its low Spee. ee heat and low heat of vaporization, It 
is a nonconductor «of electricity, It is effective on small 
flammable liquid or greace fires (class B) and fires involving 
electrical equipmer:t (class C), Compared to foam on class B 
fires, the vapor blanket i3 impermenent, and it is possible 
for reflashes to occur over the entire area if the fird was 
not fully extinguished, 


Classification: Regardless of size, hand-vapori zing 
liquid e3 extinguishers carry maximun elessifications of B-e2, 
C~1, and are not recommended for class 3 fires of more than 
6 sq. ft, in area, They should not be*applied to fires in- 
volving sulphuric acid, MTney are relatively ineffective on 
fires involving deep-seated embers but may be of value on _ 
small surface fires involving vood, peper, textile materials, 
ruboish, etc, 


. If carbon tetrachloride is used on a fire the liquid should be sprayed 

from the windward side through a window, dcor, or other opening, For 
example, a person should not enter an automobile and spray the liquid onto 
a turning cushion. The tremendously irritating effects and the odor of 
the fumes from cardon tetrachloride can be demonstrated oy placing e2 tea- 
ages of gasoline into a small-diameter shallow pan and igniting the 
vepors, <A relatively small quantity of smoke is given off by the burning 
vapors spat if 1 teaspoonful of carbon tetrachloride is added the fumes 
and erioke become dense (DO NOT take a deep breath of these fumes), A 
second, or perhaps a third, spoonful of carbon tetrachloride must be added 
to the pan of ourning seasons vefore the flames are extinguished, 


ll/ Sayers, R, R., and DallaValle, J. M,, Prevention of Occuoational Diseases. 
Other Than Those That Are Caused by Toxic Dust: Mech, Eng., vol. 57, 
No. 4, 1935, pp, 230-234, 

12/ Bureau of Mines, Manual of First-Aid Instruction: 1940, pp. 61-62, 

13/ Underwriters! Laboratories, Inc,, Card Data Service, Serial No, UL165, 
June 1939, 
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It is claimed that the irritating gases generated br the use of volatile- 
liquid extinguishers will force = person to leave the fire area; they may 
drive him out just when a little more work might have extinguished tne flame, 
If the user has teen warned previously that irritating vapors will be pro- 
duced, he can tale the necessary; precautions before attempting to extinguish 
the fires, 


This experiment does not indicate the amount of cerbdon tetrachloride 
necessary to extinguish a gasoline fire; a much smaller amount would be 
effective if it were applied properly by spraying. As stated, it is the 
noninflammable vapors, not the liquid, that extinguishes the fire, The 
emount used in the experiment indicates the cuantity that might be necessary 
to make a given auantity of gasoline liquid noninflamzabdle, which is the 
usual metnod of making cleaning solvents safe, The experiment should not 
be continued in a small. room for any length of tine without ventilating the 
room, otherwise the fumes generated may be irritating or may. cause illness, 


All safety engineers and fire departments desire that each person 
should understand fully what re is doing when he is using a fire extinguisher 
that may cause the formation of gases of a toxic nature or may be employed 
on an electric fire, 


Fire extinguishers containinz.carbon dioxide gas under pressure are 
becoming popular and are recommended for class 3 and OC fires, Oarbon dioxide 
is a noninflammable gas weighing 1-1/2 times as much ss air, therefore it 
will tend to hang in a cloud close to the ground or other low place and, 
when applied from the wincward side at the base of a flame, will smother 
a fire by excluding the air in essentially the sane manner as if a wet 
blanket had been used, Air containing more than i0 percent carbon dioxide 
can be breathed only a short time, ; 


Several carbon dioxide fire extinguishers are on the market, In some 
plants large banks of cylinders are arranged to flood a machine room or 
aréa automatically with carbon dioxide when a fire occurs, As carbon 
dioxide dilutes the oxygen in tne air or may even excluce it, extreme care 
must be taken that enough oxyeen is present to su»vport life before entering 
a room where a fire has occurred or where carbon dioxide has been used to 
extinzuisi the blaze, (The use of a carbon dioxide=type extinguisher on 
the cotton fire can be demonstrated with the trough, keeping one 5—pound and 
one 15—pound extinzuisher with the exhibit at all times to take care of 
any fire emergency that might arise in connection with the experiment, ) 


‘Regardless of the type of egent used to extinguish a fire in a confined 
aréa, no person should enter the area without proper respiratory protection, . 
unless it has been thoroughly ventilated, Canister-type gas masks do not 
give adequate protection against an atmosphere containing more than 2 per 
cent of most gases and give no protection whatsocver against an atmosphore 
deficient in oxygen; this fact is important, as numerous persons have lost 
their lives oy wearing canister—tyne gas masks when fighting fires, 
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Small fires about the home, such as those in smell pans of burning 
srease, end small gasoline, S11. and pase aca fires can be extinguished 
wits ordinary oOeking soda (ticeroonate of soda) by sprinkling the soda over 
tre sm2ll pan or Dlaze, WARKNIUG: Da not use flour, as flour dust is in- 
firmmacle and under some eonditione exnlesive, Although sclt may extingaigh 


aocnall fire, it contains vater, which may cause the grease or oil..to-splash,:-.: 
hence snceulc oe used with caution, | = ae a OR Rae 


~ 
.- 


ss of bicartonate of soda can be demonstrated by placing. — 
a small cuantity of gasoline in a frying pan (a glass frying pan is-pre-: +: 
ferred) atovt 6 inches in diameter, igniting the gasoline, and sprinkling - 
Dicarvonate of soda — tie pan until the flame is extingvished, The 
Jiuantity necessary to extinguish the blaze cenends wpon how it is applied; 
1 to e tadlesvoonruls = cnerally suffices, 

A comoination of sodium bicarbonate with certain compounds and carbon 
Lloxice gos under pressvre in a fire extinguisher has proved effective on 
s and oil fires, It is sole under a familiar trede name; In an 
extinguisher of this type sodium bicardonate is treated with a compound to 
prevent caking, ‘The extinguisher excludes air from the fire and insulates 

r of inflammable gas, thus preventing tne heat from being conducted 

to the next laver, In the vresence of heat bicartonate of soda releases 
carton dioxide gas, which also assists in extinguishing the fire, The Under- 
writers! Laboratories, Inc., give the following description of the scope of 


Be g 
this exting.3 cher it 


eee aly This discharre of the powder compound is effective 
in ciass 3 and © situations, where tne dust clovd may dilute air 
ac jacent to the seat t! ire or sepavete tue flames from the 
ourning material, It is especially effective on flat surface 
Sires .nezve the sweeping action of the ist cloud can be most 
advantageously emplored le little practical cooling action 
is nrovided oy the cry — -der, the extinszuishers may be of value 
on surfece fires involving pauper, wood, textiles, etc, Ther. 
are not effective on deen~seated fires:‘or embers, 

Tne powder clows ts trensient in its extinguishing action 
ani coec not form a bDlanxet, as in tne cise of fou, on olass B 
fires, thas permitting reflashes over tho entire area if the 
fire nas not been completely extinguished, It is, however, 
ecunll, effective or o11 or alcohol tyres of flammeole liquid fires, 


<or many years fire extincuishers that generate foam have been used for 
extinguishing oil fires and have been effective when the foam was applied 
corroctly, Fire extinguishers of this type contsin two liquids; one may be 
dark browm and the other white or clear, or voth ray be white or clear, de- 
pending on the manufactures, The liquids ara kent in senarate containers 
ana alloved to mix only et a point close to the bieze, tecause the foam that 
is generated by mixing the solutions vill break wp if Sorted through a hose 
or pine of any lengtn, Cne marufacturer uses a solution of vater, sodium 
bicerdonate, and secondary extract of licorice root with a solution of 


14) See footnote 13, 
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aluminum sulfate and water, Some manufacturers use ground glue and glucose 
instead of the licorice-root extract to make the bubtles tough. (The chemical 
reactionl2/ involved in generating the foan is Alo(SOy)z + 6NaHCO, = 3Na,S0, 
+ 2A1(0H); + 6C0.,, and the carton dioxide is trapped in”“liquid bubbles, 


A few years ago a large tank of oil on the Pecific coast ignited and 
enougn foam was pumned into the tank to fill it several times without exting~ 
uishing the fire, To determine the reason for the failure of the foan, 
several oil companies rebuilt the tank and conductec numerous experiments. 

It was found that as the foam dropped from the mixing chamber into the flaming 
oil it was broken up in such a mannor that only a small quantity spread over 
the surface of the oil, After much experimentation a tube of reinforced 
asbestos was fastened to the end of a gooseneck, which was long enough to 
reach above the top of the tank, When e fire occurs in an oil tank the goose- 
neck is wheeled to the windward side and raised so the asbestos tube can. be 
dropped inside the tank, The solutions are pwnped into the gooseneck and 
generate foam which flovs through the asbestos tuce that is probably sub— 
merged in the oil, The tude then rises to the surface of the burning oil, 

and a blanket of the foam spreads over the surface, extinguishing the fire, 
One manufacturer of fire eauinment nas placed on the market spiral chtes 

that may be fastened on the inside of the tank to conduct the foam from the 
mixing chambers at the top of the tank to the surface of the burning oil 
without breaking it up, : So 


_ he instructions that are given for the use of foam extinguishers of 
any type state that the foam should not be directed into the burning liquid 
out should be applied so as to spread over the surface in the form of a 
blanket, 


ELECTRIC FIRES 


The first essential in a fire in or around electric equipment is generally 
to cut off the source of electric enerzy. (This fact indicates the desirability 
of proper openings or switches in all power lines so that electric current 
can be disconnected with mininum delay. ) Although certain extinguishing sub— 
stances may quench the electric arc, thé arc will generally reform when the 
substance is removed, unless the power is cut off, 


As stated, carton tetrachloride, carbon dioxide, and some combinations 
of sodium bicarbonate and carbon dioxide are approved by the Underwriters 
Laporatories, Inc,, for use on electric fires, 7 


When properly handled by experienced men, a fog of water can be applied 
safely to electric fires, although tuis techniques is risky for the amateur, 


It is stressed again that unventilated fire areas should not be entered 
-even when no fire extinguisher has been used, unless the prover type of 
respiratory protective equipment is worn, and it should be remembered that a 
canister—tyne gas mask affords little or no protection, 
Fieldner, A. C,, and Katz, S, F., Gases Produced in tne Use of Carbon 
Tetrachloride and Toamite Fire Extinguishers in Mines: Bureau of Mines 

' Rept. of Investigations 2262, 1921, 6 pp. 
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EXPLOSIONS 


A orief discussion of the explosion disaster »t the New London School, 
Yiew Lonaon, Tex,, may assist not only in preventing sinilar disasters but 
also in explainine why many explosions occur in the petroleum industry. 
Moreover, it should help to explain the construction of electric equinvment 
that Cears the permissitle plate of apnrovel of the Bureau of Mines or the 
anrroval plate of the Underwriters! Laboratories, Inc, 


Althcush it is impossible to state exactly what has caused many ex- 
Dlosions, competent investigators usually are acle, after the proper investi- 
gation, to determine the probable cause and source of the material that has 
ovrnecd or exploded, as well as the igniting agent, 


© 


Imiediately after the New London School disaster, some engineers of the 
Federal Fureau of Mines, among other experts, mace a detailed investigation, 
anc the resvlts of this investigation were published in Bureau of Mines Report 
of Investigations 3365, This report contains information of a scientific 
nature and probably has saved petroleum companies and parents whose children 
were killed in the explosion many thousands of dollars in useless and expensive 
lawsuits, decause the work cone by the Bureau engineers showed that gas did 
not seep into the building from nearby wells, ges lines, or storage tanks, The 
rerort states: Lo : 

The investigation revealed tnt the explosion was not caused 
by high explosives, seevage cf hydrocarbon vapors or liquids from 
nearby oil wells or pipe lines into the space under the first 
floor, or combustidles from the sewage system; therefore, dy a 
process of elimination tne source of comdustiszles appeared to te 
natural fas cupplied as fuel to tne school throucsh lines and 
services installed in the syace uncer the floor, 

Tne only evidence contradictory to tne genersl conclusion 
that the explosion was dre t an ssriene eg of nignly explosive 
naturel gaseair mixture in the spece under the first floor was 
given by a janitor at the school, who oa that he entered the 
space through the door at tne south end on the morning preceding 
the explosion and struck ea match, No explo.ion resulted when 

he maten wae ignited, anc the janitor did not odserve any un- 

usuel condition, 

Tris evidence indicates that at on? spot in the south end 
of the space under the floor natural gas was not present in ex- 
plosive »rovortions a few hours before tne explosion, However, 
it is not at all certain that apprecicole percontages of 
natural gas were not resent there also, There are numerous oil 
wells and pipe lincse in this district, and the air is permeated 
with hydrocarbon odors much of the time; therefore, the presence 
of natural gas in the space, in proportions below tne lower ex- 
plosive limit, mignt not have been detected, 


Parker, D, Jd., Jones, G W., Hill, H. 3B., and Wade, Gustav, Exolosion 


o9 


in School Building at New London, Tex., March 18, 19 751% Bureau of 
Mines Rept, of Investigations 3365, 1938, 29 pd, 
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Mixtures velow the lower explosive limit that do not contain 
enough naturel gas to cause explosions would cause a lighted 
naten to burn with a longer flame, but the janitor way not have 
noticed this, or, if ne did, he prooably was not aware of its 
significance, 

The fact that explosive mixtures were not mposent in the 
south end does not contradict the general conclusion that natural 
gas caused the exnlosion, vecause evidence indicates tnat the 
hishest concentration of natural ges was at or near the north 
enc and near the place where the explosive mixture was ignited. *** 

The floor plan of the building was laid oe in the form of 
the letter E, witn the veck of the letter forming the front of 
the pullding ana facing west, *** 

The natural ground level was higher at the front of the 


- building and sloped downvard toward the rear, When the two 
wings were added, classrooms were vrovided at the rear of the 


&023 


unexcavated space, and the floors in tnese rooms were placed on 
the eartn with ro unventilated spaces underneath, | 

*** The consensus of oninion of those who were present was 
that when the explosion occurred the floor, ceiling, and roof 
at the north end of the building were lifted upwards; the walls . 
were pushed outwarc, and wnen the force of the blast was spent 
the floor, ceiling, ard roof fell in a tanzled mass, Toward 
the south end there wos evidence of greater violence, _ 

When an explosive mixture of gas and air is ignited, the 
rapid chemical reaction that takes place heats tne products 
of combustion to a very hizh temperature, as a result, if the 
g2ses are not confined they expand instantaneously to 3 to 6 
times their original volume, and if the are confined their 
pressure is increased with like rapidity, When svch an ex» 
plosion of a natural gas—air mixture, initially at atmospheric 
pressure, takes place in a space where there is no opening, the 
pressure developed, measured in atmospheres, is approximately 
equal to the ratio of the highest absol-.te temperature of the 
products of comoustion to the initial temperature of the gas 
mixture, If the vressure within the space exceeds the ability 
of the walls to resist it, the cham mber is ruptured and the heated 
gases travel from the Wieniprossure area, to the outside atmos-— 
phere along paths of lower resistance and pressure, Therefore, 
damage resulting from an explosion in a chamber whose walls offer 
considerable resistance is not localized, out may extend over an 
area much greater than that in which the exrlosive mixture was 
present originally, The more regzed the walls anc the smaller 
the areas of the openings in them, the higher will be the pressure 
at which the chember is ruptured and the greater the resulting 
damage, 

The explosion originated under tae first floor and covered 
the entire space that extendei from the north end and along the 
front of the building to the south end, This conclusion was 
reached after a study of the visual damage to foundation walls 
and the evidence octained from various witnesses, wio described 
the directions of the force of tne e:splosion, 

20 


Go gle 


I.C, 7150 


The plens show that the space under the Tirst floor had four 
small ventilators 11 by 22 inches in cize (one at the north end, 
one at tue south end, and two on the east side) and two doors, 
each 4 by 4 feet, The door at the south end vas said to have 
been closed, According to informstion, the door at the north 
end, opening into the manuval-training room was usually left 
oven tecause some of the lumcer used in the manual-—training 
room was storec just inside the door, This docrway was in the 
Wall seperating the manual-training shon from the snvace under 
the flcor of the main building, and its bottom edge was about 
4 feet above the floor level of the shop. 

From a practical standpoint, the space telow tne floor 
was a Closed chamber: no ventilation was provided in the west 
wall ef the building, which was 254 feet 11 inches over all, 
in length, and the four ventilators (two in the east wall and 
one each in the norta ane south wells) cid not ellow enough 
natural draft to ventilate a chamber of this volume and snape, 
The reinforced concrete foundation walls auc floor were poured 
as a vnit and formed a tight barrier against tre release of 
pressure generated oy the explosion, until the pressure reached 
sufficient magnituce to runture the foundation walls and burst 
the floor. 


Witnesses testified that the ignition of gas took place when the electric 
sander was started in the manual—traininz room, It may seem strange that a 
person could witness such a forceful explosion and live to tell about it. 

In investigating explosions in coal mines and other places, Bureau of Mines 
engineers often are adle to trace the source of ignition, because at that 
noint there usually is less force or evidence of force tnan at distant points, 
If an ignition takes place at one end of a long room, such as an auditoriun, 
which is more or less fiiled vith an explosive mixture of gas, by the time 

the ex .losion has reached the other end of the room it will probably have 
oullt up a much greater »vressure then it had at the beginning, simply be- 
cause additional quantities of gas have been heatec andexcpanded; undoubtedly 
this was what happened at the New London School, 


Fires and explosicns caused by ignition of inflammable vapors by an 
electric arc are not as comnon in the petroleum industry as they have been 
in the vast; however, they still occur and are caused by the use of unapproved 
or nonpermissioie or oven types of electric equipment, 


Records are not available of the fires caused by electric arcs in the 
petrolewn industry; however, during the past 10 yeors electricity is kmown 
to have been the ignitins agent in 110 exzlosions that killed 5/3 men in 
the coal mines of the United States, 


To illustrate various sources of ignition of explosive gas by electric 
equipment, Bureau of Mines engineers have designed a small portaole explosion 
chamber composed of a heavy glass cylinder approximately / inches in inside 
diameter and 12 inches long. Tnis hollow glass cylinder is clamped between 
17/ Harrington, D,, and Fene, W, J., Coal-Mine Explosions and Coal- and 

Metal—Mine Fires in the "United’ States During the Fiscal Year Ended 

June 30, 1938: Bureau of Mines Inf, Circ, Solis, 1939, 2l pp. 
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two metal plates that have openings approximately 5 inches in diameter and 

is mounted vertically on a square, hollow, wooden vase, The opening in the 
oottom plate is designed so that various plates containing different electric 
devices can be clamped in the cylinder in this opening and electric ccnnections 
made, The opening in the top plate is equipned with a metal ring so that a 
thin piece of paper may be clamped over the opening. ‘thus, electric equipment 
may ve sealed inside the glass cylinder, 5By means of a small plunger-type 
hand pump (which can be filled to a predeterminec point with inflammable gas 
from a high-pressure steel evlinder), a measured quentity of natural gas can 
ce forced into the glass cylinder through small openings in the metal plates 
wnich are connected to the pump cylinder, (This chamber is in part a small 
replica of the large testing tant of the Federal Bureau of Mines at Pittsoura, 
Pa, 


A small (0,01 horsepower) electric motor usinz carbon brushes can be 
placed inside of this cnanber and sealed, When tne current is turned on, 
the arc from the brushes imites the inflammable gas mixture in the glass 
cylinder, generating pressure which is released dv rupturing of tne paper 
diaphragm, 


The motors used in the field to set up tre bolts on tanks, for drill 
holes, and for innumerable other uses are much more powerful, and if they 
are equipved with open brushes or unapproved—typs switches, controllers, or 
cables are likely to cavse an arc that will imnite gas as readily as the 
“smaller motor used in this experiment, 


The demonstration motor is desiened so that ov screwing a metal plate 
-over the opening leading to the brushes it wiil have essentially the features 
of a standard approved or permissivle motor for emergency use in an inflammable 
mixture of gas, When the plate is screwed onto the buck of the demonstration 
motor, thereoy making it enclosed or "permissible," and the motor is placed 
inside of the chamoer filled with an explosive mixture of gas and air, it 

cen be operated at full speed, even started and stopped, without igniting the 
inflammable—gzas mixture around’ it, The safety of aporoved or permissible 
electric equipment, other than portadle hend lamps, depends on enclosing 

the brushes and arcing parts in a case strong enough to withstand any explosion 
that might occur on the inside and on having all openings leading into the 
case so smell and of such length that the flame or gases escaping from an 
inside exnlosion will be cooled to e temperature oelow that required to 
ignite gases on the outside, All permissitle electric equipment, other than 
portaoie electric lamps, have large openings sealed with plates thet have 
milled bearing surfaces, and no gaskets are permitted to be used, except 
where the threaded surface will accomplish the same purpose as the milled 
surfaces gaskets are not permitted because they may blow out and hence leave 
openings through which flame or highly heated geses may escape, thus igniting 
gases in tne atmosphere surrounding tne equipment, The area between the 
shaft and the bearings must be of a definite dimension and design known to 
prevent escaoce of flames or highly heated air or gases anc the cadles leading 
into the casing must be packed heavily with specified packing, No 
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large spaces ere permitted ir the casings; ver emcessive pressures 
‘are avoided if an exniosion occurs witnin the case,= 


Permissible electric equipme:t is NCT VAPORPROOF, and it is believed 
that no piece of electric equinmert on the market is vaporproof, Se-called 
““vaporproof fixtures" are neither vaporproof nor explosionproof; however, 
electric equipment of escentially all types is made explosionproof, and 
such equipment generally bears the approval either of the’ Underwriters’ 
Lacoretories, Inc,, or the Bureau of Mines, 


VWitn chenges in teuperature or. dDarometric pressure, every piece of 
electric equipment is likely to "breatne"™ in or out; thus it is possible for 
a mixture of inflammable gas to accumulate within a piece of electric 
equipment, If an arc occurs in such a mixture an explosion will take place, 
out if the equipment is made and maintained in a "permissible" manner the 
flame cannot be transmittea to the atmosphere surrounding the equipment, In 
the Bureau of Mines method of testing electric equinment for permissibility, 
roles ere drilled in the cases of the motor, controller, switches, and other 
arcius devices of the machine tested so that these parts can be filled with 
en explosive mixture cf natural zas, Tne noles are plugged, end tne equip- 
ment is nlaced in a large chamber filled with an explosive mixture of the 
same gas, A spar plug in the case ignites the gas inside, and if during 
19 or more tests the case rvptures or permits flame to travel to the outside 
and ignite the outside exolosive mixture, of if an excessive pressure is 
noted, tne equipment is not anproved, 


Bureau of Mines engsincers do not know of a sinzle ignition of an in- 
flammzole atmosnhere of ¢as and air by a piece of permissible electric equip- 
ment that was teing used and maintained properly; however, equipment that 
nas veen ennroved by the Burean of Mines or Underwriters! Laboratories, Inc,, 
has caused explosions when NOT PROPERLY MAINTAINSD aNd USsD, Only when 
aonroved or permissidle electric equipment is maintainec in the same condi-~ 
tion that it was when received from the manufacturer, except for ordinary 
out not excessive wear, can either of these organizations guarantee that it 
may not cause ignitions, hence it is imperative tnat approved or permissible 
equipment de kept in the best possible revair, tuat all parts be fully 
assenoled ard fastened in vlace, and th at the equipment be operated with 


utmost care, 


13/ For the construction of permissible equinment, see the following Bureau 
of Mines pudlications: Illsley, L. 0, and Gleim, E. J., Suggestions 
for the Desizn of Electrical Accessories for Permissible Mining Equip- 
ment: Bull, 258, 1926, 47 pv.; Clark, 4. H., Permissiole Explosion- 
Proof Electric Motors for Mines, Conditions and Requirenents for Test 
and Asproval; Tech, Paner 101, 1915, aT Ups 

Safety engineers and siecte ie tans ae are interested in making inspec- 
tions of such equipment are referred to Gleim, E, J,, and Freeman, 
H, B,, Maintenance of Electrical Wine Equipment from the Viewpoint of 
the Safety Inspector; Bureau of Mines Tech, Paper 537, 1932, 2e pp. 
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Many fires and explosions have occurred in the petroleum industry be- 
cause of poor installation of electric wires, The wiring hazard around 
derricks in certain parts of the country is a ciscredit to the industry; 
power lines at many refineries, gasoline plants, bulk stations, and otner 
operations have been strung where they could become enveloped in a could of 
inflammable gas or vapor in such a manner that if an are should occur a 
serious fire or explosion might result. At a derrick in California a few 
years ago, a serious fire resulted then the joint of a drill pipe was broken 
and the oil splashed onto a so-called vaporproof globe that enclosed a 200~ 
watt, 110-volt, lighted bulb; the cold oil caused the heavy glass globe and 
bulb to break, and an ignition occurred, 


It is reported that a refinery truck accidentally backed against a power- 
line pole; although no damage was done to the pole or the truck, the jar 
caused the wires to swing and form an arc which igited a cloud of gas, A 
somewhat similar ignition was reported in connection with a gas—pipe-line 
repair job. 


Poor insulation on drop cords and other defects in wiring have been 
responsible for the electrocution of many workmen and for the electric arcs 
that have started manv oil fires, 


The Bureau of Mines demonstration chamber is supplied with a base on 
which are fastened two vertical wires that may be made to swing together and 
form an electric arc when sealed inside of the chenmbder containing the ex~ 
plosive mixture of gas, The wires barely touch before the arc is formed and 
an explosion occurs, 


Many explosions and fires have occurred because an electric are formed 
wnen a workman changed a fuse with a load on the line or changed an electric- 
light globe in inflammable gas cr vanor without first opening the circuit, 


The Bureau of Mines demonstration chamber is equinped with a base con— 
taining a safety-type cartridge fuse that may be made to form an are when it 
is inserted and removed from contact with the electric current. (The safety 
feature of the fuse is that it "burns out” without emitting flame from the 
cartridge.) When the fuse is sealed in the chamber in an inflammable atmos- 
phere of natural gas and air and the voltage and load on the line are reduced 
to very small quantities, the contact ends of the fuse can be made to are 
without igniting the gas, because insufficient heat is generated by the spark; 
however, when the load and voltage are increased to normal amounts and an arc 
is formed, ignition occurs immediately. This experiment explains why some 
persons have "gotten away" with dangerous practices involving electric equip- 
ment and natural gas and stresses the fact that conditions must be "just 
right" before an explosion can occur, No one knows just how much the load 
may be on an electric line, nor can anyone tell readily just what may be the 
ignition temperature of the particular gas tnat is present, 


Every inflammable mixture has a definite ignition temperature, and 
ignition will not take place until that temperature is reached, The main 
constituent of natural gas is methane; in air it has an ignition temperature 


802g os OUD ze 


Google 


I.C, 7150 


of 1,260° to 1,380° F,, whereas some gasoline vapors may have an ignition 
Cenpere cake as low as 570° F e, aS was proved in part oy the demonstration 
with the fuse, If Pittsburgh natural gas is used in the demonstration 
chember it can be show.that some gas mixtures are not ignited at relatively 
low temperatures but are readily ignited at temperatures only slightly higher. 
When a plate to which is attached the filament from a common electric iron 
is sealed in an inflammable mixture and tie filament heated to a red color 
(a temperature between 800° and 900° F,), ignition will not take place, If 
the lengtn of the filamert is reduced, the electric current will heat the 
filament to a white heat (tenverature. well over. 1,200° F,), and a violent 
explosion will occur, This demonstration proves that an tnplaneble mixture 
requires a certain amount of heat to cause igition and that ignition does 
not occur until that amcunt of heat is apvlied or reached. 


During February 1939 two fires that resulted in one fatality and one 
serious injury occurred when nonpermissible or unapproved electric hand 
lamps ignited an inflammable atmosphere in which men were working. The 
ordinary flashlight or hand lamp is not safe for use in an inflammable 
atmosphere unless it is constructed according to specifications similar to 
those required for an approval by the Bureau of Mines or the Underwriters! 
Laboratories, Inc, 7 


The requirements that must beg? for hand and cap lamps to pass per 
missibility tests are as follows: 


Unless properly designed, electric cap lamps may present 
two sources of probable explosion hazards’ (1) Ienition of 
an explosive atmosphere by the heated filament of the bulb in 
case the bulb glass is accidentally broken, and (2) igmition 
by sparks or flashes from the battery, The Bureau therefore 
requires tne following safeguards: 

(a) Safety device (design). — The headpiece shall be pro- 
vided with a safety device which shall prevent the ignition of 
explosive mixtures of methane and air bv ejecting the bulb or 
otnerwise removing the exposed heating filament from the circuit 
when the oulb glass surrounding tne filameit is oroken, 

(o) Safety device (protection), — The desigm of the safety 
device and tre housing which protects it shall be such that the 
action of the safety device is practically certain; yet at the 
same time the lamp shall not be too readily extinguished during 
normal service by the unnecessary operation of the device, 

c) Headpiece lock or seal, - The lamp headpiece shall be 
provided with a lock or seal to prevent anyone from tampering 
' with the safety device, the bulb, or the electrical contacts, 

(d) Battery container lock, — The battery shall be enclosed 
in a container that is equipped with a Ree ene or other equally 
effective lock, 


19/ Bureau of Mines, Permissible Electric Cap Lamps, Procedure in Testing, 


Fees Charged, and Requirements for Approval: Sched, 6D, Dec. 21, 
. 1935, PPe Ws: 
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(e) Battery current restricted, - The amount of current flow 
between the conductors of the corc, if shorte*trcuited just out— 
side cf the battery casing or cord. armor, shall ve limited by 
the desigm of the battery or ty a fuse inside the locked contsiner 
to such a value as will not produce sparks that will ignite an ex- 
plosive mixture of methane and air, 

(f) It shall not be possitle to obtain a difference of 
Sabena petween any two accessible points of the cap lamp when 

ssembled for use. 


The requirements. that must be met for flashlizhts to pass the permissicle 
test are given below: 


The flashlight will be examined and tested in respect to 
safet: only: ' 

1, It shall be nragidad with a cafety device which, 
when the bulb is croken, will prevent the heated oulb filament 
from igniting an explosive mixture of methane and air, The 
desizn of the safety device and the housing wiich protects it 
shall be such that the action of the safety device is practically 
certain; yet at the same time the light shall not be too readily 
extinguished during nornal service by the unnecessary operation 
of the device, 

2, The battery shall te of such des sim and capacity that it 
will not give electric sparks or arcs sufficicnt to ignite an 
explosive mixture of methane and air, 

3. It shall not be rossible to ortain a cifference of 
potential between any two points on the outside of the flashlight 
casing, . | | 
4, Flashlights shall te curable in construction, practical 
in operation, and suitable for the conditions under which they 
are to be used, 

5, Provision snall be made for sealing or aneqately lock- 
ing the vattery container to prevent unauthorized removal of 
the battery underground or access to live battery terminals, 


The main safety features of anproved flashlights or hand lamps over 
those of cheaper types are their more rugeed construction anc the method 
br which the buld is held in contact with the terminals leading to the battery 
In the ordinary lamp the odvlbd is screwed into a socket, whereas in the per- 
missible lamp the socket is smooth and has no threads or catches; instead, 
a fairly strong spring tends to push the duld out of the socket, and the 
heavy glass lens, metal band, clip, or wire is arrangec so as to press 
against the top of the glass bulb and hola it down against the spring and 
in contact with the terminels, When the bulb of an ordinary flashlight or 
hand lamp is broken, the filament will continue to burn until it has "burned 
up, " thus the heat will last long enough end be intense enough to ignite 
an inflammable mixture of natural gas. With an approved or permissible—type 


20/ Bureau of Mines, Permissidle Electric Flashlights, Procedure in Testing, 
| “nied Charged, and Requirements for Approval: Sched, 1A, Jan, 13, 
1930, Pe 3. 
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lamp tne base is thrown out of contact the instant that the bulb is broken, 
and the filament will not renainat a high temnerature long enough to ignite 
the fas, 


The approval list of the Foderal Bureau of Mines includes unit flash— 
lights, storagc—-battery can lamps, end hard lamps using storage batteries 
or dry cells that have passed rigid tests as to use in explosive methane- 
air mixtures, Some of these lamps have also been approved by the Underwriters! 
Laooratories, Inc,, foruse in explosive gasoline vapor~air mixtures, 


Although the storage-baitery type of permissible cap lamp originally was 
developed for the mining industry, it is now being used in the petroleum 
industry as well, This lamp should be used in the petroleum industry not 
only because it is safer than other lighting equipment in an inflammable 
mixture of gas but also because it leaves both of the worker's hands free 
for sampling, climbing ladders (especially greasy and icy ones), using tools, 
etc., and gives superior illumination, <A worker does not have to stop at 
intervals and move the lamp, nor does he have to work in the dark, as the 
direction of the illumination changes with his movements, Thus, the addi- 
tional cost of the electric cap lamp is offset vy increased convenience 
and.denendability of illumination, which make possible more efficient and 
fastcr work, Many companies have found that tne increased initial cost 
of the permissibie cap lamp is more than offset also by the low cost of 
maintenance, 


One of the plates used in the demonstration chamber is equipped with 
two lamp sockets designed to take the lizht bulbs used in permissible—type 
cep lamps, In one socxet, which is of conventional type, the bulb can be 
secured in the same manner as in the socket of an automobile headlight, 

The second socket has no means of locking the oult in the socket; instead 
it has a spring in the bottom which is compressed by pushing the base of 
the culb into the socket, ani the bulb is held in the socket and in contact 
with the terminals by a brass band placed over the top of the bulb, Back 
of each socket is a small plurnger-—type hammer that can be released to breal 
the electric bulb, The plate, with tne bulos and hammers in place, is sealed 
in an inflammable mixture in the chamber and connected to a 6—volt battery. 
When the filament is glowing at white heat, the bulb that is inserted in 
the socket with arrangements similar +o those for permissible lamps is 
broken by releasing the hammer, and the gas is not ignited because the glov 
of the filament ceases when the base of the bul>d is ejected from contact 
vith terminals, When the second bulb (the one in the conventional socket) 
is illuminated and broken, an ignition takes place immediately, and the 
filament ccntinues to glow even after the explosion, 


This experiment shows readily why nonpermicsitle or unapproved hand 
lamps are not safe, (Note: A similar arrangement would not make higher- 


voltage lamps safe because their filament would not cool fast enough to 
keep the heat from igniting the gas.) 
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SUMMARY 


A fire or ar explosion of inflammable gas or vapor can occur only when 
the volume of inflammable vapor bears a definite relationsnip to the volume 
of air (oxygen) present and when the mixture of the two gases is in contact 
with enouzh heat to raise it to the ignition terperature, 


Vapors or gas from gasoline and crude oils are heavier than air and 
may travel down a hill or valley, or they may be carried by a gentle breeze 
for considerable distances (aeveral hurdred feet) to a source of ignition 
and the flame flash back to the source of tne gas or vapor. 


‘Gasoline burns or explodes and should not be used as a cleaning agent. 


Fire can be extinguished by removing the air, the fuel, or the heat. 
In many fires that have occurred the igniting agents have been no larger 
than those used in the demonstrations described in tnis raper, 


Nonpermissiole or unepproved electric equizment shoul’ not be used where 
the atmosphere is or may tecome inflammatls, 


Only extension cords of annroved types should be used; power lines or 
other electric wires should be located so thet if they make contact with 
the ground, a metal surface, or each other, causing an arc, there will be 
no Ganger of their imitirg an inflammadle suostance, If it is impossible 
to keep inflammable atmosvheres from electric wires and switches, the proper 
type of cable or switch should be used or they should Ls instal led in ex- 
plosionproof fixtures, 


Fuses, electric-light bulbs, dron-cord attachments, and similar devices 
should not be changed, plugged in, or adjusted with mower in the circuit or 
a load on the line, if they are located near the source of inflammable vapors 
or gas, It is safer always to have the power or load off the circuit before 
ing changes in electric equipment that may involve arcing or sparking, 


Unepproved or nonnermissidle flashlights or hand lamps, lighted matches, 
or cigarettes, or other open flames are dangerous near a source of inflan- 
maole vapor or gas, 
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